Abstract
disfluencies in the speech of intoxicated speakers 1 also 'dysfluency') itself is not very well defined. For this study we follow a rather narrow definition, where 'disfluency' in the context of spoken language is 'any of various breaks or irregularities that occurs within the flow of otherwise fluent speech' (modified from Wikipedia 2014). That is, we do not consider pronunciation errors or slips-of-the-tongue as disfluencies, if they are not corrected by the speaker and do not cause any sort of interruption in the rhythmic structure. It follows that, for the purpose of this article, only disfluencies caused by impaired mental and motor control performance are relevant. Therefore we restrict this introduction about disfluencies to the following three studies. Shriberg (2001) analysed the rates of filled pauses, repetitions, omissions, replacements and insertions of words, and pronunciation errors in spontaneous speech exchanged between human interlocutors as well as between a human and a computerised speech interface. Shriberg found significant differences in rates between individual speakers, as well as according to the position within the phrase/sentence (initial more frequent than medial or final), and higher rates for men than for women. Shriberg attributed the higher rate of disfluencies in initial position to the higher mental load associated with speech planning processes at the beginning of a phrase/sentence (Shriberg 2001) . If this is true, we would also expect a positive correlation between intoxication and rate of disfluencies, since alcohol intoxication is known to inhibit mental processing. All of Shriberg's analysed events could be possible candidates for our investigation. However, the insertion/deletion/repetition of words is only observable in read speech (where there is a reference). Therefore, we omitted these events in our analysis, since we investigate several speech styles. In addition, we do not classify (uncorrected) pronunciation errors as disfluencies. Shriberg also reported a significant influence of the conversational partner on the rate of disfluencies. Bortfeld, Leon, Bloom, Schober and Brennan (2001) counted disfluencies in conversations in American English. Telephone conversations yielded higher rates (8.83 disfluencies per 100 words) than face-to-face (5.5). Older speakers produced slightly more disfluencies than younger speakers, and the conversational partner had no influence on the counts. The authors conclude that disfluencies may be used by speakers to signal help requests, or as a prohibitive turn taking signal ('do not interrupt me'), which would be more likely to occur in telephone conversations where visual cues are not present. The same effect was reported by Clark and Fox Tree (2002) for filled pauses 'uh' and 'um' (2.9 per 100 words in telephone vs 2.3 in face-to-face conversations). Clark and Fox Tree (2002) also found that these hesitations improved the speed at which following words were recognised, possibly by signalling to the listener to focus on the following word. The role of filled pauses is undoubtedly more complex than that of other disfluencies. For now we assume that there are two (maybe more) possible causes for  the international journal of speech, language and the law a speaker to use a filled pause: either as an active communication signal or as a default production to mask performance/planning delays in his/her speech. It follows that the prediction of filled pause rates under the influence of alcohol is ambivalent: if hesitations are mainly used as active communicative markers, the rate might decrease in intoxicated speakers because of impaired speech planning including (meaningful) hesitations; if filled pauses rather indicate performance problems (for instance because the speaker needs more time for planning processes), the rate might increase under the influence of alcohol; it is also possible that we might encounter a mixed effect whereby both cancel each other out in our data.
To our knowledge no studies have yet addressed durations of filled and unfilled pauses concerning speech under the influence of alcohol.
Earlier studies of disfluencies in speech of intoxicated speakers
It is a common hypothesis that the intake of ethyl alcohol as well as other factors such as emotional state, fatigue, stress and illness all influence the way a person speaks. A number of studies during the last decades have investigated this hypothesis from different points of view: looking for reliable acoustic (Künzel and Braun 2003; Cooney, McGuigan, Murphy and Conroy 1998) or behaviouristic (Hollien, DeJong, Martin, Schwartz and Liljegren 2001; Behne, Rivera and Pisoni 1991; Trojan and Kryspin-Exner 1968) features that may indicate intoxication, studying the physiological effects of alcohol on the articulators (Watanabe, Shin, Matsuo, Okuno, Tsuji, Matsuoka, Fukaura and Matsunaga 1994) or pursuing forensic questions (Künzel and Braun 2003; Braun 1991; Klingholz, Penning and Liebhardt 1988; Martin and Yuchtmann 1986) , such as in the infamous case of the captain of the oil tanker Exxon Valdez that caused an oil spill in Prince William Sound, Alaska, on 24 March 1989 (Johnson, Pisoni and Bernacki 1990) .
With respect to intoxication, to our knowledge only four studies exist that report empirically based rates/measures of disfluencies, as this term was defined in the previous section (Künzel, Braun and Eysholdt 1992; Hollien, Liljegren, Martin and DeJong 1999; Hollien et al. 2001; Christenfeld and Creager 1996; Tisljár-Szabó, Rossu, Varga and Pléh 2013) . Künzel et al. (1992) studied read and semi-spontaneous (picture description) speech of 33 male speakers with varying intoxication levels verified by breath alcohol concentration (BrAC). Along with many other features, the authors counted insertions, omissions and substitutions (as in Shriberg 2001) but on several linguistic levels: phones, syllables, words and phrases. Additionally, repetitions and pause rates were counted. Aside from insertions (in read speech only), no feature showed a clear tendency to increase under the influence of alcohol disfluencies in the speech of intoxicated speakers 3 (Künzel et al. 1992: 19) . There was a weak tendency for omission and substitution rates to increase for BrAC > 0.08%. Repetition and pause rates did not change significantly with intoxication. However, when the detected unfilled pauses were divided into two semantically different groups 'content pauses' and 'hesitations' , the authors found a significant increase in the latter for speakers with more than 0.08% BrAC. Hollien et al. (1999 and 2001) is the only previous study regarding disfluencies to deal with speakers of both genders: read speech from 16 female and 23 male speakers was analysed with regard to insertion/substitution/repetition of phones/ words (including filled pauses), voicing, de-voicing, lengthening of phones, and pronunciation errors. Speakers were recorded when sober and at three different BrAC levels ranging from 0.04% to 0.13%. The different types of disfluencies were pooled into one single disfluency index. Only rates for this index were reported: pooled rates increase significantly with BrAC (the effect was up to 150% from sober to the highest BrAC). Hollien et al. (1999 and 2001) conclude that their pooled disfluency counts are a reliable indicator of alcohol intoxication. Christenfeld and Creager (1996) interviewed 108 male speakers in pubs and counted the number of tokens of the filled pause 'um' . Speakers' blood alcohol concentration (BAC) was estimated from the number of drinks they had before the interview (11 sober, the majority with three drinks). The authors report a weak but significant negative correlation of hesitations with intoxication (number of drinks), i.e. the number of 'ums' decreases under the influence of alcohol. Clark and Fox Tree (2002) offer two possible explanations for this surprising finding: if hesitations are communication signals that need to be planned, intoxicated speakers may be increasingly less able to plan for these signals, or alternatively, they may be less concerned with making their speech intelligible for the listener and may therefore drop these helpful communication signals. Tisljár-Szabó et al. (2013) analysed the number of unfilled pauses in speech from 15 Hungarian under-graduate speakers of both genders. They found an average increase in the number of unfilled pauses in intoxicated speech. Since the applied tests (paired t-test) were not appropriate for logistic values and the methodology is unclear, it remains uncertain whether these results were significant.
Speech Data
All analysed data were derived from the German Alcohol Language Corpus (ALC) (Schiel, Heinrich and Barfüßer 2012) , which is a collection of speech audio samples of 77 female and 85 male speakers in both intoxicated and sober condition (about 5 minutes speech material in intoxicated and 10 minutes in sober condition per speaker). In contrast to most other studies investigating speech under the influence of alcohol, blood samples (BAC) were taken, and 4 the international journal of speech, language and the law ALC comprises three different speaking styles: read speech (numbers, tongue twisters, addresses), spontaneous speech (picture description, interview) and command&control speech (typically used in an automotive communication system to operate devices like navigation system, radio or climate control unit, for example: 'Temperature 23 degrees Celsius').
Participants were asked to drink a certain number of alcoholic beverages within a maximum time period of about two hours. Ethical restrictions required that participants could choose their desired BAC level for the experiment individually. Therefore the number of beverages -depending on the body height, weight, age and gender of the participant -was calculated, targeting a BAC which was chosen beforehand by every participant in the range of 0.05%-0.15%. The lower bound of 0.05% was motivated by German law which does not allow driving in public traffic with a BAC higher than 0.05%; the upper bound was set to protect the health of the participants. The calculation is based on a combination of formulas established by Erik M. P. Widmark (Widmark 1932) and P. E. Watson (Watson, Watson and Batt 1980) .
After the consumption of the alcoholic beverages and a wait of a further 20 minutes, which is necessary for the residual alcohol to evaporate in the mouth cavity, both breath and blood alcohol concentrations were determined. Immediately after these measurements, speech samples were recorded and speaker specific metadata were collected, such as gender, age, dialect background, smoking habits and drinking habits.
The measured BAC levels of the 162 participants ranged from 0.023% to 0.175% in an approximate Gaussian distribution with a mean at 0.085%; all recordings under the influence of alcohol are labelled as 'intoxicated state' in the following, regardless of their individual BAC level. After a minimum of two weeks a second group of speech samples from the same speaker were recorded in sober condition. To avoid the influence of the interview partner as reported by Shriberg 2001, all 162 speakers were interviewed by the same partner in both recordings.
A subset of 20 speakers (all showing a BAC above 0.05% in the first experiment) were invited a third time to repeat the first recording under exactly the same conditions but without intoxication. This so-called control set is intended to allow unknown influential factors in the experimental setup to be identified. All recorded audio data were transcribed orthographically by trained phoneticians using the online annotation tool Webtranscribe (Draxler 2005) . Filled pauses, repetitions, false starts, word interruptions, unusual phone lengthenings and other linguistic events according to the Verbmobil transliteration standard (Burger, Weilhammer, Schiel and Tillmann 2000) were tagged in the orthographic transcription. Based on the orthographic transcripts, signals were automatically segmented and labelled into phonetic units including unfilled pauses using disfluencies in the speech of intoxicated speakers 5 the MAUS technique (Schiel 1999) . The MAUS tool was configured to detect potential unfilled pauses between word units but not within word units (which is treated as the disfluency class 'word interruption'); the minimum length of a detected unfilled pause was set to 50 msec, since smaller silence intervals are not perceived as pauses; detected unfilled pauses of less than 50 msec length were equally spread across the adjacent phone segments.
For more detailed information about the corpus and the recording/annotation procedures, see Schiel et al. 2012 .
Method
The present study deals with observable deviations from the normal rhythmic speech production of sober speakers. Based on previous studies and the given annotation and automatic segmentation of the ALC, the investigated disfluency categories include, therefore, the rate of filled pauses, the rate of inter-word unfilled pauses of greater length than 50 msec, the rate of repetitions, the rate of false starts (often including word breaks), the rate of word interruptions (mostly by inserted filled or unfilled pauses) and the rate of unusual phone lengthenings (judged by the labeller). Table 1 describes the manually tagged disfluency classes and corresponding markers and gives examples for their transcription. Pronunciation errors/slips-of-the-tongue in otherwise fluent speech which are often subsumed under 'disfluencies' are not investigated here. Due to the sparsity of observed disfluency events, metadata (except speaker gender) are not tested as independent factors in this study, nor are disfluency counts correlated against the BAC level. Speech data of 150 selected speakers of ALC were analysed. These 150 speakers all exhibited a blood alcohol concentration minimum of 0.05% while intoxicated (0.05% is the legal limit for driving in Germany). Speech data were divided into 900 bins where each bin is defined by speaker (150), intoxication state (2) and speaking style read, spontaneous and command&control (3). Disfluency markers based on the manual tagging (see Table 1 ) were counted automatically for every bin. Filled pauses and phone lengthening counts were then normalised to the total number of syllables in the bin, while false starts, repetitions and word interruptions counts were normalised to the total number of words in the bin to compensate for the differing amounts of speech per bin. Rates of unfilled pauses (also normalised to total number of words), durations of unfilled pauses and durations of filled pauses were derived from the automatic phonetic segmentation and averaged within each bin; durations were not normalised to speech rate. This procedure results in a total of 7200 rates/measurements (6 rates + 2 duration measures in 900 bins).
Statistical analysis on rates was carried out using generalised linear models in R (function glm() in R Version 3.1.1) with the respective disfluency rate as the dependent variable, intoxication and gender as independent variables (both binary factors); measured durations were tested using a linear model and ANOVA (functions lm(), anova() in R version 3.1.1) with intoxication and gender as independent variables. Since models including speaking style as a fixed factor in all cases indicated strong interactions with speaking style (which is to be expected), we fitted models for all three speaking styles separately; this results in only one rate/measure per speaker and intoxication state, and therefore does not require additional modelling of speakers as a random variable to prevent statistical correlations within the data of a single speaker.
All rates/measures were cross-verified to a control group recording without intoxication to rule out hidden factors. Table 2 lists the change in rate of the measured disfluencies (in percent) and durations (in milliseconds) from sober to intoxicated speech averaged across all 150 speakers and for the three speaking styles read, spontaneous and command&-control speech. Significance levels from the corresponding generalised linear model are given in brackets. For example, for read speech the average rate of filled pauses changes from 0.28% in sober speech to 0.42% in intoxicated speech, while the average duration of filled pauses does not change substantially (279 msec to 280 msec). The gender factor was never found to interact with intoxication; the results are therefore assumed to be gender-independent. Figure 1 illustrates the averaged rates/durations for intoxicated (i) and sober (s) speech and the three speaking styles read (read), spontaneous (spont) and command&control (comm) as bar plots.
Results
There is a general problem when testing very low rates: standard tests like chisquared or the generalised linear model are not reliable with rates that are very close to 0% or 100%. In our case this involves mainly repetitions, word interruptions and phone lengthenings. For example, the rate of phone lengthenings in disfluencies in the speech of intoxicated speakers 7 command&control speech changes on average from 0.06% to 0.10%, that is, the rate is increased by 40%. However, the corresponding model reports a p-level above 0.05, which is not significant by common standards. The reason for these unexpected high p-levels is the very low number of observed events; in very rare events one single random fluctuation may have a very large effect. Based on our data it is therefore undecidable whether these disfluencies are influenced by intoxication regardless of their high absolute rate changes. We underline these unreliable test results to alert the reader, and in the following we consider all non-significant test results, including these unreliable p-levels, as for the time being 'unchanged' .
Only two average disfluency rates decrease when the speaker is intoxicated: false starts and repetitions, both only for spontaneous speech. All remaining average disfluency rates increase, when there is a significant change from sober to intoxicated.
Average durations of filled and unfilled pauses generally increase, when there is a significant change.
To ensure that the displayed effects are in fact caused by the intoxication and not another, yet unknown, factor, we also examined disfluency rates/durations for the control subset. (Recall from Section 4 that speakers were sober in both, the second and third recording sessions.) All rates/measurements showed non-significant changes between the second and third recording sessions. As an example Figure 2 shows the change in phone lengthening counts sorted across 8 the international journal of speech, language and the law Figure 1 : Barplots displaying the average change of disfluency rates in percent and durations in milliseconds from sober (s) to intoxicated state (i) for the three speaking styles disfluencies in the speech of intoxicated speakers 9 the 20 speakers of the control subset between sober and intoxicated state (a) and for the control condition (b). While the majority of speakers increase the number of phone lengthenings when intoxicated (a), in the control condition the proportion of speakers who increase is about equal to the proportion of speakers who decrease their count, which indicates random behaviour in the control experiment. We therefore conclude that the overall increase in rate of phone lengthenings in the main experiment is caused by intoxication.
Discussion
In general, with a few exceptions, the rates of disfluencies observed in this study rise with intoxication in read and spontaneous speech, which is in line with our main hypothesis and with most earlier studies, as discussed in Section 3.
There is a tendency for a higher percentage of filled pauses in speech under the influence of alcohol compared to speech in sober condition, especially for read speech. This contradicts Clark and Fox Tree (2002) , who reported a decrease in the number of filled pauses. We also found that the number and length of unfilled pauses increase in speech under the influence of alcohol (except for command&control speech). These three effects could indicate planning difficulties when intoxicated, for which the speaker compensates by inserting silent and filled pauses.
Repetitions seem to occur less often in spontaneous speech under the influence of alcohol, which contradicts our main hypothesis that disfluency rates would 3 the international journal of speech, language and the law increase with rising intoxication level. At the moment we do not have a conclusive explanation for this observation.
The average duration of filled and unfilled pauses rises with intoxication mainly for spontaneous speech. However, these effects can partly be explained by the reduced speaking rate under the influence of alcohol. Heinrich and Schiel (2011) found that speaking rate decreases on average by 4-5% in intoxicated speech, which would be sufficient to explain most of the observed changes, with the possible exception of unfilled pause length in read speech, which shows a 19% increase on average.
As is often the case with correlations of measurable observations against speaker states, there is a heterogeneous picture across speakers: while the majority of speakers may increase a certain linguistic/phonetic rate/measure with intoxication, other speakers decrease or do not change the same rate/measure at all. This idiosyncratic behaviour can be observed in the results of this study as well as in many other linguistic/phonetic features in combination with alcohol (e.g. Johnson et al. 1990; Hollien et al. 2001; Künzel and Braun 2003; Heinrich and Schiel 2011) . For example in Figure 2 , twelve speakers increase the rate of phone lengthenings, four decrease, and four do not change at all with intoxication; patterns for other rates/measures analysed in this study are very similar. Speaker-individual disfluency rates (as shown for example in Figure 6 .2) seem not to be correlated to the measured BAC level (although it must be kept in mind that such correlations cannot be calculated reliably due to the very low occurrence rate of disfluencies). It follows that there can be no generally valid expectation for intoxicated speakers' behaviour regarding disfluencies; forensic investigations as well as automatic detection systems for intoxication should take this into consideration.
The command&control speaking style shows no significant changes with intoxication for disfluency rates or durations (except a weak increase of the rate of false starts). The reason for this result is probably the very simple linguistic nature of these commands, which do not require major planning and production effort on the part of the speaker. This result seems to indicate that (simple) speech directed to a speech-driven interface is not suitable for the automatic detection of speaker intoxication by means of disfluencies alone.
